There exists a bidirectional regulatory circuit between the nervous and immune systems. This regulation has been shown to be mediated in part through neuroendocrine hormones and cytokines. Both systems have receptors for both types of signal molecules. The nervous system has receptors for cytokines and it also synthesizes cytokines. The immune system synthesizes and responds to cytokines. So, it is not too farfetched to believe that neuroendocrine peptide hormones could bind to leukocytes and modulate immune functions. However, it is not widely known that the immune system also synthesizes functional, neuropeptide hormones. This will be discussed in this paper citing a plethora of evidence. The aim of this paper is to summarize this evidence by using three neuropeptides that are synthesized by leukocytes and modulate immune functions as examples; corticotropin (ACTH), endorphin (END), and corticotropin releasing factor (CRF). The production and action of these three neuropeptides in the immune system will be explained. Finally, the potential physiological role of leukocyte-derived ACTH, END, and CRF in inflammation as a localized hypothalamic-pituitary-like axis is discussed.
Introduction
Much progress has been made in psychoneuroimmunology (PNI) in the 28 years I have been involved in the field. Over the last year, I have had the honor of reading every abstract submitted for the annual meeting of the Psychoneuroimmunology Research Society. I also acted as guest editor for a series of reviews highlighting the developments of PNI to celebrate the 20th anniversary of Brain Behavior and Immunity. The molecular biology methodology combined with sophisticated behavioral approaches show PNI has come of age as a ''mature science.'' To see how much the field in general has progressed during the past 20 years, I encourage you to read the 2007 series ''20 Years of Brain Behavior and Immunity.'' In particular, PNI has made immense strides in understanding cytokines in the brain, sickness behavior, vagal afferent mediation of cytokine activity, sympathetic innervation and regulation of immune responses. Some of the early research topics have been slower to develop (or had fewer people interested in researching them). One such topic is the production of neuropeptides by leukocytes.
There are many reasons for the production of neuropeptides by the immune system being an under-developed topic. But, I believe the most prominent to be that the different specialties such as immunology and endocrinology do not know how to interpret or integrate such a finding in their systems. The difficulty immunologists have had in accepting PNI is well known and continues today. But the immunologists were also hesitant, at first to embrace cytokines since they were not antigen-specific factors. We still do not know what the essential role of IL-1 is, much less how a neuropeptide fits into the regulatory scheme of the immune system. This has been controversial from the very beginning. The first RO1 grant application Ed Blalock and I submitted on the topic prompted a site visit by the NIH reviewers to see if the findings were real. Even though 
